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ABSTRACT 



A disk drive suspension has increased protection against 
signal loss and mechanical damage and increased isolation 
from ambient electrical disturbances where the metal layer 
of the flexible conductive laminate is remote to the load 
beam rather than next to the load beam to mechanically and 
electrically protect the conductive traces of the laminate on 
two sides against signal loss and mechanical damage and 
have increased isolation from ambient electrical distur- 
bances. 

22 Claims, 3 Drawing Sheets 




02/05/2004, EAST Version: 1.4.1 




02/05/2004, EAST Version: 1.4.1 



U.S. Patent 



Jul. 31,2001 



Sheet 2 of 3 



US 6,268,981 Bl 




02/05/2004, EAST Version: 1.4.1 



U.S. Patent 



Jul. 31, 2001 Sheet 3 of 3 



US 6,268,981 Bl 



10 




02/05/2004, EAST Version: 1.4.1 



US 6,2( 

1 

WIRELESS SUSPENSION WITH TWO-SIDED 
ENCLOSURE OF CONDUCTIVE TRACES 

REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application Serial No. 60/133,623 filed May 11, 1999. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to disk drive suspensions, and more 
particularly to wireless disk drive suspension assemblies 
having conductive traces enclosed on both sides with elec- 
trically and mechanically shielding metal layers including 
the load beam on one side and the wireless conductor metal 
layer on the second side. 

2. Related Art 

Wireless disk drive suspensions are referred to by various 
trade designations such as ILS or Integrated Lead 
Suspension, Trace, or CAPS. While somewhat differently 
manufactured, e.g., from an additive process in which suc- 
cessive layers are built up, or from a subtractive process in 
which selective removal of layers gives the desired struc- 
ture: a flexible conductive laminate structure, all these 
devices involve a metal or base layer that may be used to 
define the suspension flexure, a plastic layer that contains, 
insulates and protects a layer comprised of conductive traces 
of deposited copper metal, and usually a cover layer of 
insulative plastic. As set forth below, there is a trend in 
suspension devices toward smaller signal amplitudes being 
available and thus ambient electrical noise becomes a 
greater factor. There is a need to further improve wireless 
suspensions to minimize the effect of electrical disturbances. 

SUMMARY OF THE INVENTION 

It is an object of the invention, therefore, to provide an 
improved wireless suspension. It is a further object to 
provide electrical and mechanical protection to the delicate 
traces in a wireless suspension. Another object of the inven- 
tion is to invert the normal orientation of the flexible 
conductive laminate on the load beam so that the metal layer 
is outermost and not next to the load beam and provides both 
electrical shielding and mechanical protection to the con- 
ductive traces. Other objects include supporting the flexible 
conductive laminate by tab structures extending from the 
metal layer to the load beam, recessing the load beam to 
accommodate the non-metal portions of the flexible circuit 
laminate, and adding a visco-elastic damping material to the 
load beam/flexible conductive laminate combination of the 
invention. 

These and other objects of the invention to become 
apparent hereinafter, are realized in a disk drive suspension 
having increased protection against signal loss and mechani- 
cal damage and increased isolation from ambient electrical 
disturbances, the suspension comprising a metal load beam 
and a flexible conductive laminate comprising a metal layer 
and a plastic layer comprising an insulating film having a 
plurality of conductive traces therein, the plastic layer being 
sandwiched between the metal load beam and the conduc- 
tive laminate metal layer in metal load beam and metal layer 
spacing relation, the conductive laminate metal layer being 
electrically connected to the load beam, whereby the con- 
ductive traces are protected on two sides against signal loss 
and mechanical damage and have increased isolation from 
ambient electrical disturbances. 

In this and like embodiments, typically, the flexible con- 
ductive laminate metal layer defines a tab extending to the 
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metal load beam and attached thereto in mechanically sup- 
porting and electrically conducting relation, the flexible 
conductive metal layer defines a pair of opposed tabs on 
opposite sides of the metal layer, the tabs extending gener- 

5 ally normal to the metal layer and having terminals extend- 
ing in parallel with the load beam, the metal layer being 
attached to the load beam by the tabs, the tab terminals 
extend in the plane of the plastic layer, the load beam defines 
a channel sized and shaped to receive the flexible conductive 

10 laminate plastic layer opposite the load beam, the flexible 
conductive metal layer defines a pair of opposed tabs on 
opposite sides of the metal layer, the tabs extending in the 
plane of the metal layer and having terminals parallel with 
the load beam, and there can also be included a visco-elastic 

15 material attached to the load beam in vibration damping 
relation, and/or the flexible conductive laminate extends the 
length of the load beam to a terminus, the metal layer of the 
flexible conductive laminate having a projecting portion 
extending beyond the laminate terminus, the metal layer 

20 projecting portion defining a flexure for the suspension. 
In a further embodiment, the invention provides a disk 
drive suspension having increased protection against signal 
loss and mechanical damage and increased isolation from 
ambient electrical disturbances, the suspension comprising a 

25 slider, a flexure supporting the slider, a metal load beam and 
a flexible conductive laminate comprising a metal layer and 
a plastic layer comprising an insulating film having a 
plurality of conductive traces therein, the metal layer defin- 
ing the flexure, the plastic layer being sandwiched between 

30 the metal load beam and the conductive laminate metal layer 
in metal load beam and metal layer spacing relation, the 
conductive laminate metal layer being electrically connected 
to the load beam, whereby the conductive traces are pro- 
tected on two sides against signal loss and mechanical 

35 damage and have increased isolation from ambient electrical 
disturbances. 

Id this and like embodiments, typically, the flexible con- 
ductive laminate metal layer defines a tab extending to the 
metal load beam and attached thereto in mechanically sup- 

40 porting and electrically conducting relation, the flexible 
conductive metal layer defines a pair of opposed tabs on 
opposite sides of the metal layer, the tabs being formed 
commonly with the metal layer and extending generally 
normal to the metal layer and having terminals extending in 

45 parallel with the load beam, the metal layer being attached 
to the load beam by the tabs, and the tab terminals are 
formed commonly with the metal layer and the tabs and 
extend in the plane of the plastic layer. 

50 Further, the invention in this embodiment includes a 
visco-elastic material attached to the load beam in vibration 
damping relation. 

Preferably, the flexible conductive laminate extends the 
length of the load beam to a terminus, the metal layer of the 

55 flexible conductive laminate having a projecting portion 
extending beyond the laminate terminus, the metal layer 
projecting portion defining the suspension flexure. 

Additionally, in these and like embodiments, typically, the 
load beam can be etched to define a channel sized and 

60 shaped to receive the flexible conductive laminate plastic 
layer opposite the load beam, the flexible conductive lami- 
nate metal layer defines a tab extending outward from and 
generally in the plane of the metal layer, the tab attaching the 
metal layer to the load beam in mechanically supporting and 

65 electrically conducting relation, the flexible conductive 
metal layer defines a pair of opposed tabs on opposite sides 
of the metal layer, the tabs being formed commonly with the 
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metal layer and having terminals by which the metal layer is signal loss. As the signal levels become smaller as happens 

attached to the load beam, the tab terminals are formed with increased disk areal density (density of recorded bits 

commonly with the metal layer and the tabs and extend in per unit area) and decreased the track width about 40 

the plane of the metal layer. millionths of an inch or so, the amplitude gets very small. 

In its method aspects, the invention provides a method for 5 The device becomes thus more susceptible to noise, because 

the assembly of disk drive suspensions including juxtapos- the noise is larger relative to the increasingly smaller desired 

ing a load beam and flexible conductive laminate having a signal. 

plastic layer comprising conductive traces in insulating A further problem with known wireless suspensions con- 
plastic, and a metal layer with the metal layer, the laminate cerns a lack of protection for the conductive traces. The 
metal layer being remote to the load beam, the laminate 10 conductive traces are subject to mechanical damage from 
metal layer defining a flexure for mounting a slider, and foreign objects such as a loading comb that may rub against 
attaching the flexible conductive laminate to the load beam the soft cover layer and rub through it to the conductive 
in mechanical and electrically connected relation, whereby traces. The conductive traces are so thin (typically 0.0003 
the conductive traces are protected on two sides against inch or even less) that any damage whatever is likely to be 
signal loss and mechanical damage and have increased 15 fatal to the assembly. 

isolation from ambient electrical disturbances. with reference now to the drawings in detail, in FIGS. 

The method typically further includes defining a plurality 1-3 the invention suspension is shown at 10 and includes 

of projecting tabs on the laminate metal layer, and attaching load beam 12 having right and left edge rails 14, 16. Load 

the metal layer to the load beam with the tabs, and in some beam 12 is the rigid portion of a load beam having rearward 

embodiments also etching a longitudinally extended recess 20 of the rigid portion, and not shown, a spring portion and a 

in the load beam in laminate plastic layer receiving relation base portion, the base portion being attached to an actuator 

and inserting the laminate plastic layer in the recess while arm also not shown. 

maintaining the laminate metal layer above the recess. Juxtaposed with the load beam 12 is a flexible conductive 

laminate 18. The laminate 18, known per se, comprises a 

BRIEF DESCRIPTION OF THE DRAWINGS 25 melalbasekyer22andadielc< ^ cphlst ? laye ' r24 ,,Kly 

The invention will be further described in conjunction a polyimide resin, a plurality of conductive traces 26, 

with the attached drawings in which: typically copper, on the plastic layer 24, and a covering layer 

FIG. 1 is an oblique view of the invention suspension 28 of additional dielectric plastic over the traces. Flexible 

slider side up; 30 conductive laminate 18 extends the length of the load beam 

» . ' . c . ... 12 to the laminate terminus 32 where the laminate consisting 

FIG. 2 is an oblique view of the suspension slider side - n . . A „ , . . . ^ . ° 

, or all layers terminates. Beyond laminate terminus 32 the 
down' 

' metal layer 22 of the laminate, configured as shown, con- 

FIG. 3 is a cross-section of the suspension taken on line timies outward fo, m the load beam 12 to form the flexure 34. 

3 3 in FIG. 1; and, ^ Slider 36 containing a read-write head (not shown) is carried 

FIG. 4 is a view like FIG. 3 of an alternative embodiment. on toe flexure tongue 38 for gimballing movement as is 

nuTATT cri r.uc^B ityn^xT known. Also, the plastic layer 24 continues past the terminus 

Db JAILED UEbCKlFJlUN 32 tQ cafry conductive lraces 2 $ t o the slider 38 for attacb- 

Wireless suspensions are used in replacement of conven- ment at contact pads 44 to the head, 

tional wire and flexure arrangements. Wireless suspensions, ^ In contrast to previously known wireless suspensions, in 

in conjunction with a load beam, use a flexible conductive this invention the covering layer 28 is sandwiched between 

laminate of a metal layer and a plastic insulator layer that the metal load beam 12 and the conductive laminate metal 

contains conductive traces. These laminate suspensions have layer 22, effectively spacing the load beam and metal layer, 

essentially three layers (the insulating plastic overcoat is not The conductive traces 26 are thus protected on two sides 

counted), namely the metal or base layer comprising stain- 45 against signal loss and mechanical damage and have 

less steel, the plastic insulating layer, typically a polyimide increased isolation from ambient electrical disturbances, 

dielectric, and the traces, usually copper conductors. The The jmeta l layer 22 is both mechanically attached a nd 

overcoat would be a fourth layer. electricaUvS nnectecLto the l oad beam 12 by tabs 46. Eac h 

In its electric aspects, a wireless suspension is a trans- t ab 46 is formed from the metal layer 22, e.g. by etching bo th 

mission line for electrical signals going between the slider- 50 v from a common web of stainless steelsathaLthe Jabs_project 

carried read/write head and the preamplifier integrated cir- laterall £a ndlhen downwardly to the surface_23 of theJo ad 

cuit or microchip. Typically, existing wireless suspensions beaml2. Each tab 46 includes a terminal 48 formed at right 

have a cross section that exactly matches a textbook angles to the tab main body 52 and parallel to the load beam 

"microstrip line" with the base layer functioning as the surface 23. Tab main body 52 extends vertically along the 

ground plane. 55 edges 54, 56, respectively, of the covering layer 28 and the 

In transmission lines, one desideratum is to reduce the dielectric plastic layer 24. The tab terminals 48 are typically 

impact of adjacent stray fields that can introduce noise into welded to the load beam 12 to effect the mechanical support 

the desired signal, and to reduce losses associated with the and electrical connection of the metal layer 22 and the load 

signal being lost, or reduced, by coupling or diverting into beam 12. 

adjacent objects, such as nearby circuits, wires leading to 60 In the alternative embodiment shown in FIG. 4, in whic h 

other devices, or other conductive objects. The microstrip like. parts.h axe^Jike,pumerals, plusJCtQ, the load beam 112 is 

line arrangement in a suspension maintains a consistent partially etched along the beam surface 123 to form a rece ss 

impedance and mechanical and electric uniformity and " oTchan^TiS^ 

protects against stray signals (incoming and outgoing) in the shape^tO-receive ^bodilv , the flex ible conductive lamina te 

direction of the base layer, i.e., away from the disk. 6 5 plastic layer 124 an d coverin g la yer ^28 for thefrulk of the ir 

But, in the direction toward the disk, this microstrip line ycrtical heightup Jp nn the_loca tion of the metal layer 122 . In 

arrangement does not protect against stray noise pickup or this embodiment, the tabs 146 extend out on opposite sides 
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of the metal layer 122 but in the plane of the metal layer and 2. The disk drive suspension according to claim 1, in 

parallel to and adjacent to the load beam surface 123. which said flexible conductive laminate metal layer defines 

The invention offers further advantage in its adaptability a tab extending to said metal load beam and attached thereto 

to the use of damper material. As the mechanical frequency in mechanically supporting and electrically conducting rela- 

requirements for the suspension increase, it becomes 5 tion. 

increasingly desirable to make use of damper materials, 3. The disk drive suspension according to claim 2, in 

visco-elastic polymeric materials that reduce the amplitude wn i c h said flexible conductive metal layer defines a pair of 

of resonant motion. The disadvantage of dampers, beyond opposed tabs on opposite sides of said metal layer, said tabs 

the piece part purchase price that can be 20% of the load extending generally normal to said metal layer and having 

beam price, is the cost of installing (mechanical 10 terminals extending in parallel with said load beam, said 

registration), extra process steps for heat bonding, extra cost meta i i ayer 5e mg attached to said load beam by said tabs, 

to maintain the required cleanliness (dampers are tacky and 4. The disk drive suspension according to claim 3, in 

debris sticks to them and collects on them when exposed), which said tab terminals extend in the plane of said plastic 

and also yield losses inherent in the extra steps needed in layer. 

manufacturing. The invention assembly affords the oppor- 15 5. The disk drive suspension according to claim 1, in 

tunity to place the damper material in a non-exposed loca- which said load beam defines a channel sized and shaped to 

tion with precision thus avoiding prior art problems noted receive said flexible conductive laminate plastic layer oppo- 

above. Thus, as best shown in FIG. 2, visco-elastic material s j te sa j^ [ oac j beam. 

66 is attached to the bad beam 12 in vibration damping $ The disk drive suspension according to claim 5, in 

relation, protected from exposure by the flexible conductive 2 o which said flexible conductive metal layer defines a pair of 

laminate 18. opposed tabs on opposite sides of said metal layer, said tabs 

The invention method for the assembly of a disk driv e extending in the plane of said metal layer and having 

s uspension accordingly includes juxtaposing the loacTbe am terminals parallel with said load beam. 

12 and the flexible conductivelammatellfl having _apl^tic 7. The disk drive suspension according to claim 1, includ- 

laver 24 comprising conductive traces 26 "in insulatin g 25 ing also a visco-elastic material attached to said load beam 

plastic, and a metaLiave r 22. with the laminae metal layer in vibration damping relation. 

being Jocated remote to the load beam and forming th e 8. The disk drive suspension according to claim 1, in 

jexure^34 ibxjnoun tinp,sli d e j^. Tabs 46 attach the flexible which said flexible conductive laminate extends the length 
conductive laminate 18 to the load beam 12 i n mechani c aL of said load beam to a terminus, the metal layer of said 

and electric ally c p r nne£ted_reiatioiL whereb y the conductiv e 30 flexible conductive laminate having a projecting portion 

traces are protected on two sides against signal loss and extending beyond said laminate terminus, said metal layer 

mechanical damage and have increased isolation from ambi- projecting portion defining a flexure for said suspension, 

ent electrical disturbances. Th e flexible conductive lamin ate 9. A disk drive suspension having increased protection 

is disposed atop the load beam 12, or in some embodimen ts, against signal loss and mechanical damage and increased 

placed partially within a recess or channel 62 defined in the 35 isolation from ambient electrical disturbances, said suspen- 

' load beam such that the, plastic layer 24 (and covering la yer sion comprising a slider, a flexure supporting said slider, a 

28 if present) is within the channel and the metal layer 2 2 metal load beam and a flexible conductive laminate com- 

above the load beam surface 23. prising a metal layer and a plastic layer, said plastic layer 

The invention thus provides a disk drive suspension comprising an insulating film having a plurality of conduc- 

having increased protection against signal loss and mechani- 40 tive traces therein, said metal layer defining said flexure, 

cal damage and increased isolation from ambient electrical said plastic layer being sandwiched between said metal load 

disturbances comprising a metal load beam and a flexible beam and said conductive laminate metal layer in metal load 

conductive laminate comprising a metal layer and a plastic beam and metal layer spacing relation, said conductive 

layer comprising an insulating film having a plurality of laminate metal layer being electrically connected to said 

conductive traces therein, the plastic layer being sandwiched 45 load beam, whereby said conductive traces are protected on 

between the metal load beam and the conductive laminate two sides against signal loss and mechanical damage and 

metal layer in metal load beam and metal layer spacing have increased isolation from ambient electrical distur- 

relation, atop or partially within the load beam, and with or bances. 

without damper material, the conductive laminate metal 10. The disk drive suspension according to claim 9, in 

layer being electrically and mechanically connected to the 50 which said flexible conductive laminate metal layer defines 

load beam by one or more tabs. The foregoing objects are a tab extending to said metal load beam and attached thereto 

thus met. in mechanically supporting and electrically conducting rela- 

We claim: tion. 

1. A disk drive suspension having increased protection 11. The disk drive suspension according to claim 10, in 

against signal loss and mechanical damage and increased 55 which said flexible conductive metal layer defines a pair of 

isolation from ambient electrical disturbances, said suspen- opposed tabs on opposite sides of said metal layer, said tabs 

sion comprising a metal load beam and a flexible conductive being formed commonly with said metal layer and extending 

laminate comprising a metal layer and a plastic layer, said generally normal to said metal layer and having terminals 

plastic layer comprising an insulating film having a plurality extending in parallel with said load beam, said metal layer 
of conductive traces therein, said plastic layer being sand-. 60 being attached to said load beam by said tabs, 

wiched between said metal load beam and said conductive 12. The disk drive suspension according to claim 11, in 

laminate metal layer in metal load beam and metal layer which said tab terminals are formed commonly with said 

spacing relation, said conductive laminate metal layer being metal layer and said tabs and extend in the plane of said 

electrically connected to said load beam, whereby said plastic layer. 

conductive traces are protected on two sides against signal 65 13. The disk drive suspension according to claim 12, 

loss and mechanical damage and have increased isolation including also a visco-elastic material attached to said load 

from ambient electrical disturbances. beam in vibration damping relation. 
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14. The disk drive suspension according to claim 13, in 20. The disk drive suspension according to claim 19, in 
which said flexible conductive laminate extends the length which said flexible conductive laminate extends the length 
of said load beam to a terminus, the metal layer of said c f ^ i oad beam to a terminus, the metal layer of said 
flexible conductive laminate having a projecting portion flexible conductivc lamina t e having a projecting portion 
extending beyond said laminate termini, said metal layer 5 extendin te d said laminate termi ^ metal i ayer 
projecting portion defining sa.d suspension flexure. projecting portion defining said suspension flexure. 

15. The disk dnve suspension according to claim 9, in r ' A * V „ ■ . L . . 

which said load beam is etched to define a channel sized and 21 dnve suspension having increased protection 

shaped to receive said flexible conductive laminate plastic against signal loss and mechanical damage and increased 

layer opposite said load beam. 10 isolation from ambient electrical disturbances, said suspen- 

16. The disk drive suspension according to claim 15, in sion comprising a metal load beam and a flexible conductive 
which said flexible conductive laminate metal layer defines laminate comprising a metal layer laterally and longitudi- 
a tab extending outward from and generally in the plane of nally extended opposite said metal load beam and a plastic 
said metal layer, said tab attaching said metal layer to said layer, said plastic layer comprising an insulating film having 
load beam in mechanically supporting and electrically con- 15 a plurality of conductive traces therein between said load 
ducting relation. beam and said metal layer, said plastic layer being sand- 

17. The disk drive suspension according to claim 16, in wiched between said metal load beam and said conductive 
which said flexible conductive metal layer defines a pair of laminate metal layer in metal load beam and metal layer 
opposed tabs on opposite sides of said metal layer, said tabs spadng relation> ^ conductive metal layer bein g 
being formed commonly with said metal layer and haying 20 electrically oonductively connected to said load beam, 
terminals by which said metal layer is attached to said load wfaereby ^ conductive traces m pn>tected on two sides 

"S'Tlie disk drive suspension according to claim 17, in against ?P*\ loss f and ^htnical damage and have 

which said tab terminals are formed commonly with said m ™**? from elect " cal ^rbances. 

metal layer and said tabs and extend in the plane of said 25 22 ; d ™ suspension according to claim 21 m 

metal layer which said metal load beam and said plastic layer are 

19. The disk drive suspension according to claim 18, substantially coextensive, 
including also a visco-elastic material attached to said load 

beam in vibration damping relation. * * * * * 
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